OK Geometry
Automated observation of dynamic
constructions

Zlatan Magajna
Faculty of Education
University of Ljubljana

You can downolad OK Geometry at

www.ok-geometry.com

Please download the version 19.4.4 .
Unzip and launch OKGeometry 19 4.exe

Hereby shown examples are in the
section Adg2023examples.
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OKG - A tool for observing dynamic
constructions

74 OK Geometry Plus: all pro
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Zlatan Magajna

OKG -.A tool for observing dynamic
constructions

3 working modes

s Easy (lower
secondary level)

*_Basic (upper
secondary level)
* Plus

ADG2023,Belgrade

Easy and Basic level available in

Zlatan Magajna

English
German
Italian
Czech
Slovenian
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OKG - A tool for observing dynamic
constructions
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Simple observation

* Observe properties of a dynamic construction
— Make sense of properties and observations
— A rationale for observing dynamic constructions

* Using observations for constructions
* Observing algebraic relations

ADG 2023, Belgrade Zlatan Magajna
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Importing constructions from DGS

. try
C'a.R

Geometre

Cinderella JGEX
OKG
GeoGebra OK
observations Geometry

ADG 2023, Belgrade Zlatan Magajna

Observing imported constructions

* ABC- atriangle

* D - base of A-
altitude

* E—base of B-
altitude

* F—midpoint of DE
* G- midpoint of AB

A

Observe the properties of

Adg01.ggb this configuration.

Adg01a

ADG 2023, Belgrade Zlatan Magajna
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Observing imported constructions

" * ABCa triangle

* D - base of A-
altitude

* E—base of B-
altitude

* F—midpoint of DE
* G- midpoint of AB

A G B
Observe the properties of
Adg01.ggb this configuration.
AdgOla
ADG 2023, Belgrade Zlatan Magajna

Observing imported constructions
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Observing imported constructions

o] m-|

ADG 2023, Belgrade Zlatan Magajna

Understanding properties

* OKG considers the displayed objects and
objects passing through labelled points.

* Advice: label 3-12 relevant points.

* OKG considers only angles between
lines (angle = supplementary angle)

* OKG ignores trivial congruences
of angles between lines.

ADG 2023, Belgrade Zlatan Magajna
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Models of geometry

Static model Stochastic dynamic model
Free point A(3,5) Free point A(3,5) ->
,,,,,,,,,,,,,,, . {(x1,¥1), (2,¥2), oo (XY }

Dynamic model

Free point
A(3,5) -> A(x,y) o o
°

ADG 2023, Belgrade Zlatan Magajna

Models of geometry

Stochastic
Static C s ;
\ dynamic

model

A B

Dynamic
model

78
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Randomisation of constructions

GeoGebra Instance of construction
B
B=(0,1) o
C=(0,05)
[ ]
TA=(n, 0) =E=Midpoint(A,D) eD=(1,n) £ .D
[ )

ADG 2023, Belgrade Zlatan Magajna

Advanced observation

* How to -
&
o« construct the N
triangle ABC w
" from known &
5 positions of o |
&P points C, F, G. Rad
0]
(2
'y 2 % 7]
2G
Adg01b
ADG 2023, Belgrade Zlatan Magajna



Advanced observation

d isodynamic

4 bisedtorof FG point of CFG
circle k(C,G) ~s
O . »
G A B

Adg01b

ADG 2023, Belgrade Zlatan Magajna
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Observing algebraic relations

O T 9 ©

Area(A,B,C)

Distance(B,C)
Distance(C,A)
Distance(A,B)

m = Distance(D,E)
n = Distance(F,G)

Note. Use explicit
measurements.

Adg01.ggb
Adg01c

ADG 2023, Belgrade Zlatan Magajna

Observing algebraic relations

File Configure Commands | Help
T { Task.. T
Task S Sketch roject Rep:

Observe

__v Project

='v Report

I Slightly shake the construction F&
Perturbate points ON/OFF  F7
Help ON/OFF  F8
Construction steps

Set reference triangle .
Triangle analysis

Manage generic construction ..
Invariants under dragging .. Advanced

Compare properties Triangle
e

76 Observe formulae - o

Simple - observe relations

Modk o
= between measured quantities

Select variables (up to 6)
p
-

n

¥ Transform variables Notation | compact HC

I~ Stop at first Strength i H:

Observed formulae can be incorrect or missed !

X

Ref triangle = ABC; Observed formula for- a b,c.m
(-1/2)*a"2%c + a*b*m - 1/2*b"2%c + 1/2%c"3 =0

Done

2.a:b Ohservel He\pJ Exrt’

ADG 2023, Belgrade Zlatan Magajna
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Observing algebraic relations

* Consider several instances of a construction to
obtain several instances of parameters (x,, x,

X )-

* Solve the a system of linear equations

n n ng —
Z anl.nz ..... nkxl X 2 X = O|

n1+n2+---+nk<r

e Technical problems...

ADG 2023, Belgrade Zlatan Magajna

Observing imported constructions
(example)

* ABCisosceles

D - k(A,B,C)

E — point on BD
F—AD n k(D,E,C)

Observe the
properties.

ADG 2023, Belgrade Zlatan Magajna
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Observing imported constructions
(example)

 ABC-atriangle
* A’CB, B’AC — outward
equilateral triangles

¢  C’AB-inward
equilateral triangle

Observe the properties.

Construct ABC for given
points A, B’. C".

Adg03

ADG 2023, Belgrade Zlatan Magajna

Observing formulae
(example)

* ABC-equlateral
triangle

* Find the length b in
termsofa, ¢, d.

* Find the Area of CEF in
termsofa, b, d.

Adg04

ADG 2023, Belgrade Zlatan Magajna
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OKG Sketch Editor

* Configuration vs. construction

* OKG observation requires (several) ‘exact’
configurations.
» Sketch Editor creates
— Constructions
— Difficult objects
— Implicit constructions (configurations)
— Configurations by optimisation

Difficult objects

* A, B points

* C—midpoint of AB

* k1=Kk(CA), k2 = k(B,A)
* D—apointon k2

e E—on klsothat DEis

. tangent to k(C,A)
A ¢ /B * k(G,F) - tangent to k1 at
Adglla
3N F, DE, k2

13
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OKG Sketch Editor
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OKG Sketch Editor — common buttons

ADG 2023, Belgrade

Shape objects

Hide objects

Delete objects

(Scenes,...)

(Generic view)

Label points

Point, Intersection, Midpoint
Line, Line 2 obj

Circle, Circle 3 obj, ...
Segment, Perp.seg., Polyline
Angle, Various decorations
Text

Safe

&

Zlatan Magajna

Safe objects
Alternative objects
Anchor

(Mark Unknown)

Drag point
F8 — Help

Zoom view ... ON/OFF

Move view

Undo

Redo

Redefine

(Declare cyclic)
(Triangle analysis)

8.09. 2023
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Safe ON

At | /Alt (try mouse

scroll)

Anchor
(otrymouse
scroll)

El Line 2 objects
+ Alt (try
mouse scroll)

E Circle 3
objects
+ Alt (try
mouse scroll)

ADG 2023, Belgrade

OKG Sketch Editor —
special commands

When necessary, segments are
treated as lines, arcs as circles.

Press repeatedly for alternative
solutions.

Press repeatedly for different
ways of representation of
objects,

Line defined by 2 objects in
terms of ‘passing through’, ’is
parallel’, ’is tangent’, ’is radical
axis’.

Circle defined with 3 objects in
terms of ‘passing through’, ‘is
tangent’.

Zlatan Magajna

Difficult objects

Al
Adgllb

\

ADG 2023, Belgrade

(oY ]

Zlatan Magajna

A, B points

* C—midpoint of AB
* k1=Kk(CA), k2 = k(B,A)
* D—apointon k2

e E—onklsothatDEis
tangent to k(C,A)

8« k(G,F)-tangent to k1 at
F, DE, k2

8.09. 2023
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|AF| : |EF| =
=|AD| : |ED| =V2:1

ADG 2023, Belgrade Zlatan Magajna

Advanced observation

~  objects

© youdon't

' know how
4 to

Z construct.
E Then

“|  Observe.

ADG 2023, Belgrade Zlatan Magajna
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Advanced observation

a i
(A1) 25=L SLL1188)= 1 - san(112)]
L1424 1291)f= 1 sqnt(2/3)]
L2T3H18TH= 1 sqr(@9)]

& pisosceles tian gles (3)

ACF
BCF
=3

& ot tiandles (1)

nnnnnnnnn

Object(s): 1BCE, 24
S
(2}

ADG 2023, Belgrade

|| >m | m-|

Observing formulae

Zlatan Magajna

(example)

* Circles k1(A,C) and k2(B,C)

touch externally at C.

* Dekl, E € k2, so that the
line DE is tangent to k1 and

k2.

* Circle k is tangent to DE, k1

and k2.

* Letrl,r2 be the radii of k1, o

k2. Find
— |DE|

Query |
point F.

Select a
property.

Show _points
(e.g. 1341
is the
inverse of
Ain
k(B,E,C) ).

— the radius r of the circle k
— the area of triangle CDE.

ADG 2023, Belgrade

Zlatan Magajna

Adg12

8.09. 2023
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Observing formulae

(example)
T T * In the advanced and
oo | between specified quantities .
et ot g triangle mode of
. 1 Formulae observation
: you can specify
" quantiteas directla (see
e Help).

T + To amplify the range of
R formulae, apply
Transformation of

variables and/or

increase strength.

Observe | Help | Exi |

ADG 2023, Belgrade Zlatan Magajna

Create and analyse configuration
(example)

* ABC-an acute triangle

* k=k(D,B)—circle with
diameter BC

* k’—acircleinscribed in

the ‘triangle’ bound by
AB, k and CB.

¢ How to construct the
points E, F, G and the
circle k’ ?

* Find the radius of k’.

Adg13

ADG 2023, Belgrade Zlatan Magajna
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Create and analyse configurations
(example)

Find alternative
constructions for the
1st isodynamic point of
a triangle.

o,

Apollonius circle

Adgl4
ADG 2023, Belgrade Zlatan Magajna
Implicit constructions
Obtain a configuration by * A, Bpoints
dragging one or more * kcircle
objects in order to satisfy e Capointonk
additional conditions. « ZACBis right

Transform Advanced | Special Generic

Shapes ...
49 Check property ... I

Locus

Implicit locus .
Implicit construction ..
Optimisation .

Make macro -
Get macro ..
/ Execute macro Adg21

ADG 2023, Belgrade Zlatan Magajna

A B

8.09. 2023
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Cyclsa!eHBTNKM?!i
yer Transform Advanced | Special Generic F1

Shapes ...

ﬁ Check property ...

Locus
Implicit locus ...

é Implicit construction ...

Optimisation ...

Make macro ...
Get macro ...
Execute macro ...

k

ADG 2023, Belgrade

|advanced | Chec

Check property CQS04
 Position " Equivalence # Shape " Other [ abc

Choose from

=
EquilateralT

Square

Parallelogram

Rectangle

Rhombus

CyclicQ

TangQ

IsCubic
Implicit construction =

(Right click on th

In order to satisfy the condition below, you will select a
point in the construction to be moved to an appropriate
RightAngle position.

1. Point on ray

2. Angle verte) Condition Right_ACB E)
3. Point on ray_- - -
Is an angle righl| & Pgsition a point along some object
" Paosition a point on the plane

 Ahint for locus of points in plane

| Fast method (local, less reliable)

I~ See picture ) OK | Advanced | Cancel

Zlatan Magajna

A hint for locus

Obtain a hint for locus of

* A, B points

points on a plane satsfying « C point

a condition.

Transform Advanced | Special Generic

Shapes ...

49 Check property .. —

Locus

Implicit locus ...
Implicit construction ...
Optimisation ...

Make macro ... M

* /ACBis right

Get macro ... Adg22

K Execute macro ..

ADG 2023, Belgrade Zlatan M _

8.09. 2023
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Constructions by optimisation

Drag one or more objects e A, B points
in order to optimise a « kecircle
parameter. * Capointonk

e /ACB is maximal

Circle Number Transform Advanced | Special Generic

A Shapes ...
1 Check property I~
Locus
Implicit locus
Implicit construction ...
Optimisation
Make macro ... M
Get macro
K Execute macro ...
——————— Adg23a
Adg23b
A B
ADG 2023, Belgrade Zlatan Magajna

Triangle geometry

Observe objects wrt. reference triangle

Drawing triangle objects

Glossary of triangle objects

Observing algebraic relations in a triangle

ADG 2023, Belgrade Zlatan Magajna
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Triangle observation

ABC - reference triangle

P — point on plane that
minimises
|AP|+|BP|+]|CP|.

Analyse 2 | P wrt.the

reference triangle ABC.

Adg26

ADG 2023, Belgrade

Cescrpuen
[Fogre sk on e gescrgnon ta athts comensnd snd mee )

(R ———)

T s ATB'C" ot Shorm) 5 CHI 1t Farrast o
triangle of A8C.

¥ i the angies of £ABE da ot excend 120° thenhe 15t
ogone pot Cnedes wih e Farmat part | e port
Pl maioes The 51 o e destances ree .15 e verbces
o the trarge

ADG 2023, Belgrade

Zlatan Magajna

Triangle observation

Triangle centre analysis of P Reference triangle: ABC [« ]
Centies %1 - %, 3500 E|: ™ Short Mnrn| ‘ [+ |
The point P contains these ABC related finite points: (1 items, unreliable) Lol

X13:1st ISOGONIC CENTER (FERMAT POINT, TORRICELLI POINT
The point P touches these ABC related circles: (1 items, unreliable)
Lester circle
The point P touches these ABC related lines: (1 items, unreliable)
Fermat line
(Possibly transformed) P lays on these ABC related conics: (2 items, unreliab
P on Evans conic
P on Kiepert hyperbola

Put something in block and right click or use: Show Whauls  Glossary

Lester circle

Evans conic Fermart line
Zlatan Magajna

22
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Triangle centres and transformations

* >50.000 centres
* >30transformations

* ~500.000 transformed
centres

* millions of lines connecting
the centres

ADG 2023, Belgrade Zlatan Magajna

Triangle objects

~ 230 considered triangles — ~ 30 considered lines
>2000 lines, >6000 circles ~100 circles, ~40 conics, ~1300 cubics

ADG 2023, Belgrade Zlatan Magajna
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Triangle centres and transformations

Triangle transformations

(e.g. isotomic conjugation)

Triangle-Point objects

trilinear polar of P

ADG 2023, Belgrade

Triangle/Point derived objects

Triangle/Point/Point derived objects ...

Objects by triangle centres
General triangle derived point ...
Various constructions ...

@l Triangle d bjects| | K004 DARBOUX CUBIC
Set reference triangle
A triangle K004 DARBOUX CUBIC
2 1. (Ref triangle}

Declare cyciic objects
Cyclic construction

Observe formulae in triangle:
Centre analysis

Zlatan Magajna

Triangle objects

ADG 2023, Belgrade

Trianghe derived cbjects a
Output: © Line © Circle © Triangle © Conic & Cuble I abc
Choose from
Advanced Special | Generic F1 Oy HEBERG CURIG N
K002 THOMSON CUBIC
Pickacor Triangle centres _ [ecirirerptinlr
~  Triangle derived objects ... <004 DAR CUBIC

K005 NAPOLEON CUBIC
KODE ORTHOCUBIC, pK(X8, X4)
KOO7 LUCAS CUBIC. pK(X2, X69)
KOOB DROUSSENT CUBIC v

Description
(Right click on the description to activate command and more. )

Given s 2 trangle ABC. For a point P let A'B'C" be the pedal
triange of Pin ABC.

The Darbous cublc of ABC is the lscus of paits P for which
the pedal triangle A'B'C’ of P is perspective 1o the iriangle
ABC

Darboux cubic is a sef-isogonal cubic with prot X(20).
Reteronces ~

Fiter

Ga | Comments
¥ See picture OK | Cancel | Import construction

Zlatan Magajna

8.09. 2023
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Gl

Glossary [« ]

Enter approximate entry

ossary

pedal |

OK | Cancel Zommands & Special (triangle) ~ ETC ~ CTC

tem on ‘pedal’ or similar

Pedal (triangle)
Antipedal (triangle)
Pedal circle
Apedal conic
simpedal
Antipedal line* (line)
Pedal antipodal perspector
pedalCevian similarity point (X1138)
<

Description

(Right click on the description o activate command and more...)

Special | Va
Simpedal point
1. 1st tniangle
2. 2nd triangle

Given are triangles AABC and AR'B'C"
P s0 that the pedal triangle AA"B"C" of Pin AABC is

(directly) similar to AAB'C’

The point P is called the simpedal point of A1 Trsnge glossary.

AABC

Note A\ A'B'C should not be inversely simiar | g, oo o)

New search
|

¥ See picture

ADG 2023, Belgrade

us constructions | Point | Simpedal point

>

There exists a point

Explain term

Copy description to clipboard

OK | Cancel | Import canstruction

Zlatan Magajna

Triangle objects

* Given is a triangle ABC.

e Draw the Euler line of

the extouch triangle of

ABC.

Adg32a
Adg32b

ADG 2023, Belgrade

Zlatan Magajna

8.09. 2023
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A nice point

* How to inscribe 3
congruent squares into a
given triangle ABC as
shown on the left?

* To obtain a configuration,
draw first P and the 3
squares, then
‘circumscribe’ a triangle.

5 * Analyse the point P in the
Adg33a reference triangle ABC.

ADG 2023, Belgrade Zlatan Magajna

A nice point

* Y354 = Local
coordinatesx = 1/2,y =
1/2; Object(s): A,B

* Y360 = Projection onto
line of point; Object(s):
AB,C

A

Adg33b

ADG 2023, Belgrade Zlatan Magajna
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A nice point

Hypothetise

74 Observe formulae

Triangle - express a quantity (ratio)

- o x| thesize mof

Mode in terms of triangle parameters Sq u a res | n
Variable, quantity or ratio
. | terms of
™ Transform variables Motation | extended ﬁ CO m m O n
" Stop at first Strength 4 f‘ .
Observed formulae can be incorrect or missed ! trl d ngl e
guantites.

Adg33c
(172y'm*a"2 + m*a™ri + 1/2"m*0"2 + m*b™ri + 1/
2*m*c"2 + m*c*ri + (-sqrt(1/2))*a*b*c = 0
Done
ADG 2023, Belgrade Observe ‘ Help ‘ Exit ‘

Ref. triangle = ABC; Observed formula for: m,r,r,SW,S

(-sqrt(1/2)y* m*i*SW + (-sqrt(1/2))*m*ri*S + r'ri

Ref. triangle = ABC; Observed formula for: m,a,b,c,ri

Create and observe triangle objects
(example)

* ABC-triangle
* |—incentre of ABC

* ka — circle through | and
touching AB and CA; kb,
kc are defined cyclically

Cc

* kg touches internally ka,

kb and kcin A, B’, C'. kg
* Observe the radii of ka, AGLERE)

kb, kc.

ka

* Observe the relation

between radii of ka, kb, ko

ke, kg. A B
ADG 2023, Belgrade Zlatan Magajna

8.09. 2023
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Create and observe triangle objects

(example)
ABC-triangle , (- ) GTl-=) -
| —incentre of  ~ 2[ ] 71][ ) 71][ ] 71]
ka — circle thrc "
touching ABar ', % i i

kc are defined .. "
kg touches int o
kb and kcin A, B, C’. ”
Observe the radii of ka, Adg34a

kb, kc.

Observe the relation
between radii of ka, kb, K
ke, kg. A 5

Create and observe triangle objects
(example)

ABC — triangle
| —incentre of ABC

ka — circle through | and o
touching AB and CA; kb,
kc are defined cyclically

kg touches internally ka,
kb and kcin A’, B’, C". e

Observe: AA’, BB’, CC’
concur at H. Analyse H
in ABC.

8.09. 2023
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Example of a triangle locus

* A’,B’,C’ are the mirror
images of a point P in
the sides of triangle
ABC.

* For what points P are
the lines AA’, BB’, CC’
concurrent?

sc

Adg35a

ADG 2023, Belgrade Zlatan Magajna

Example of a triangle locus

* A’,B’,C’ are the mirror
images of a point P in
the sides of triangle
ABC.

* For what points P are
the lines AA’, BB’, CC’
concurrent?

Adg35b

ADG 2023, Belgrade Zlatan Magajna
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Example of a triangle locus

* A’,B’,C’ are the mirror
images of a point P in
the sides of triangle
ABC.

* For what points P are

. ) [ Triangle centre analysis of *  Reference triangle: ABC
the lines AA’, E =]
Certres il -% 3500 2 I Shotcentienames  More ‘ Extensive ‘ Continue |

CO nCU rre nt? The cubic contains these ABC related finite points: (23 items, quite reliable)
X1INCENTER
X3:CIRCUMCENTER
X4:ORTHOCENTER
X13:1st ISOGONIC CENTER (FERMAT POINT, TORRICELLI POIN1
X14:2nd ISOGONIC CENTER
Adg35b X15:15t ISODYNAMIC POINT
X74:1SOGONAL CONJUGATE OF EULER INFINITY POINT

The cubic * appears to coincide with ABC triangle cubic: (1 items, quite reliak
(*)= K001 NEUBERG CUBIC (?)

ADG 2023, Belgrade < >
Put something in block and right click or use- Show Whaltls Glossary

4 congruent circles
(example)

* Inscribe 4 congruent
circles into a given
acute triangle ABC as 5
shown in the figure.

Adg36a

ADG 2023, Belgrade Zlatan Magajna
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4 congruent circles
(example)

Solution

* O -circumcentre of ABC

* |-incentre of ABC

* |I"—mirror image of | in AB

e J' —intersection of circumcircle
of ABC and bisector of AB

* S—intersection of Ol and I')’
* A —laysonAl

« AS||AO

* Can be proved with JGEX.

* The observed radii of the
circles are R-r/(R+2r), which is
easy to prove.

ADG 2023, Belgrade Zlatan Magajna

Cyclic constructions

* ABC —an acute triangle

* ka —the inwards
semicircle on BC

* ka’—the smallest of
circles touching AB, AC,
and (externally) ka

* kb’ k¢’ — defined cyclically

* Investigate the points of P 7 .
contact of ka’, kb’, k¢’ with
the sidelines of ABC.

Adg37a

ADG 2023, Belgrade Zlatan Magajna
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Cyclic constructions

e k—circle that touches
internally ka’, kb’, kc’

* A’ —point of contact of
ka’ and k

* B’, C’ — defined cyclically

* Investigate the circle k
(its centre S, the radius)

* Analyse the observed
point of concurrence L
of AA’, BB’, CC".

ADG 2023, Belgrade Zlatan Magajna

Equal Cevians
(example)

 ABC-atriangle

* P—apoint

* AA’, BB’, CC’' — Cevian
lines of P in ABC.

* |s there a point P for
which the Cevian lines
AA’, BB’, CC’ are

adeis congruent? Investigate!

ADG 2023, Belgrade Zlatan Magajna
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Equal Cevians
(example)

Adg38b
3 circles
(example)
* ABC- atriangle
* P-apoint
¢ * ka — circle through P
and touching the sides
CA and AB.
* kb, kc — defined
cyclically.
I ) p _* Analyse the case when
ka, kb, kc are
232322 congruent.

33
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ADG 2023, Belgrade

3 circles
(example)

Adg39c
Adg39d

* ABC- atriangle

* P-apoint

* ka — circle through P

touching the sides CA

and AB.

* kb, kc — defined

cyclically.

* Forwhat P are

AI BICIAII BIICII

cocircular/coconical?

Zlatan Magajna

Generic constructions

Generic constructions are
constructionally
isomorphic families of
dynamic constructions.

Generic constructions
appear and behave like
ordinary constructions,
where some construction
steps consist of rules (i.e.
groups of isomorphic
operations).

Panwview Cydl | Safe (K olv|nxm »}+
Advanced Special ric | F1
I

“x

GPoint

GLine

GCircle
GParameter
GTransformation

Triangle A-point

Triangle on segment
Quadilateral on segment
Triangle objects

Attach to object

Manage generic construction
Manage rules

&

o

-

4
Tx

All resulting constructions
can be visualised, analysed,
checked for properties, etc.

at the same time.

Zlatan Magajna
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Generic constructions —
constructionally isomorphic configurations

1. ABCD - a trapezium

E-ACNBD
F, G, H, | incentres of
the 4 triangles
(ABE,BCE,CDE,DAE)
1. Quadrilateral 2> 3. incentres =
Random, incentre, centroid,
bicentric, cyclic, Adga1 circumcentre,
equidiagonal, ....) orthocentre, ...
ADG 2023, Belgrade Zlatan Magajna
Projects
* You can collect e =
constructions, part = = = T

of constructions,
results, etc. into a

roject. | e
* A project may | Q : /,\\ A ﬁ\

contain related
constructions,

observed \/ Q) /@ XQ’

properties, a proof

| ot | s | B | Lot | s o |

of a claim, a proving
task, etc. AdgProperties.pro

ADG 2023, Belgrade Zlatan Magajna
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Saving properties

E texts.
Use other conunands to delete or modify the added objects.

% Warning x
Use anchor b to select angles. position labels or i ‘ o

# maamoenaors @ amsmesn Ofcmal| |

ADG 2023, Belgrade Zlatan Magajna

Proving tasks

o O

Problem

Qpace 0

* Observe properties
* Select relevant properties
* Organise the properties

* Provide deductive

argumentation

ADG 2023, Belgrade Zlatan Magajna
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Does a given

problem space

help? e ®o_ o °
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Proving

i c 2
(3 D
D E
A G B B
Task Congruent segments
[4 c 6 c
E E
D D
Portona crce Cangrust sepments T Conguent segments A 3 B A G B
3 Corgruent segments Congruent segments
£
7 [
0 N
A 8 c
u ] ] P
P\ —
Congrume nangies e e 0
Congrucnt triangles A 5 »
Orthogonal fines
AdgProofTask.pro

ADG 2023, Belgrade Zlatan Magajna
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Task

2 Proof

Definition Let E be the midpoint of BC.
Claim 1 £CSB=2-2CSD

Argument 1 First, note that S lays on the
bisector of segment BC (since [SB[=|SC]). Let
E be the midpoint of BC. The triangles AEB
and SEC are congruent by sss. Thus

£CSE = LESB
and consequently
£CSB =2-£CSD.

Claim 2 £CAB=4CSD

Argument 2 The arc BC of the circle
k(S,A) spans an inscribed angle ZCAB and

the cantral anala /OQR Ry a kbnawn thea;

ADG 2023, Belgrade Flatan Magajna

R -1 )
o

2 Orthogonallines

3 Congruent segments

4 Pointonacirde

Congruent segments

6 Congruent riangles

Orthogonal lines

ADG 2023, Belgrade Zlatan Magajna

1 Task

Given is a circle with centre S and and three
points, A, B, C on its circumference. Let D be
the intersection of the line AB and the bisector
of the chord BC.

Prove that S, C, D, and A are cocyclic.

Comment:

© e

B e

Author:  (Fri Aug 25 19:35:00 2023)
Source: C: Users) zlata) zm! Proj. GeoOkDelo' Beograd: nove! ExampleProof pro

ExampleProject.p

1 Task

ABC a triangle

D - base of A-altitude
E - base of B-altitude

A

¥ - midpoint of DE.
G~ midpoint ol AB
Prove:

DE LFG

y | A A

5 3 Congruent . e
2 Orthogonal lines it 4 Pointon a circle

e (\\ A
2| B S

5 Congruent 6 Congruent
segments triangles

7 Orthogonal lines

Notes

8.09. 2023
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Multiple representations — Mr Geo
(Wong, Yin, Yang, Cheng, 2011)

Given: Parallelogram ABCD A B
with diagonal AC
Prove: AABC = ACDA D
C

1. ABCD is a parallelogram  (Given)

Parallelogram

2. .+ ABCD is a parallelogram, -, AB // DC
{Def. of parallelogram)

3. ABCD is a parallelogram, -, 3D //BC
(Def. of parallelogram)

-*AB//DC , .. ZACD = ZCAB(AIL. int. anlges)

ZACD=ZCAB

~*AD//BC , . /DAC= /BCA (Al int. anlges)

AC=AC (Reflexive law)
. AABC=ACDA (ASA)

Ll R e

ADG 2023, Belgrade Zlatan Magajna

Technology and writing up proofs

* Various dimensions of * Meaning of terms and

comprehending proofs statements
(Weber, Selden,...)

* Various levels of
comprehending proofs
(Lin)

* \Various presentation
modes (Herbst, Wong,...)

* Various specific tools * General method

* Justification of claims

* Logical structure (proof
framework)

* High level ideas
(structure of proof)

* Application of proof

ADG 2023, Belgrade Zlatan Magajna
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£CSD = ZCAD . Why? &

Justification of claims

A S

i

Property

C

I

Emphasize | Labels | Angies

ok [ Cancel

Poirt D lays on the circle through
AS.C. Why?

£CSD = £DSB . Why?

size | Emphasize | Bleach | Highiight | Labels
ADG 20| il —

£C8D = £LCAD . Why?

ZCSB =2 £CAB. Why?

High-level ideas

Task | Stoech | Observe | 4 [ Project Mepon
la_ < > * - a Js34]

Wiquel thecrem
(Gren s a thaeghe ALABC Lot A, B and C be arsatary poiees en the *
sides BE, EA. and AB.

b
The thes circies throwgh A.B.C thiough A.B.C. and through A.5.C |
ltvays it in 8 sommen pont

Ia Cosenved properbes

T Mol thesram,
[ e s

prove that P lays on the cicle

3 1den of the prool
W sl v et A, . .  arycocye, .
hat ACPE if & Cyche quadiatersl. To prove this.

fe

A quadslateral is cychic # and only i ts non
aacent anghes are suppleentary t

31 Theorem

LA qusdtatieni ABCD is eyt # and caty €25
20-BICHN NG e SUPFOMANLATy.

(=) Lot ABCD bt & Cychc quadilsral. Thes ABCD is
inscbed in 3 cicie, Wt 13 conty b S

Gonsidr the cogpeie angits A wd 4. Thesa anfes

tean size | Emphasize | Bioach | bigaigh | Labats | angee | [Cobar |
I HE

Miqual hocsumn

ADG 2023, Belgrade
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8.09. 2023

41



Chaining elements

4 OK Geometry Plus: P

File Confguee Commands Help Development

Task | Sketch | Observe | 4 | Project me”

v

£ I S I W Y
a

Obsarvad propstties

1 Task

Given s a circle with centre S and and
three points, A, B, C onits

circumference. Let D be the
intersection of the line AB and the
bisector of the chord BC

Prove that D lays on the circle through
A8, C.

2 Point D lays onthe circle thiough A.S,C. Why? Task
3 ZCSD=ZDSB Why?

Point D lays on the circle through £CSD= £DSB. Why?
AS.C.Why?

£GCSD = ZCAD . Why? ZCSB =2 £CAB. Why?

fcon size | Emphasize | Bleach | Highiight | Labeis | Angies ||
I [T] !|.

ADG 2023, Belgrade

Zlatan Magajna

‘Three level” proof

Howis angle ZCSB relsted to ZCAB?
Explain |

ADG 2023, Belgrade

Zlatan Magajna
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Importing proofs
JGEX 2 OKG

JGEX OKG

% 0tge - Geometry Expet - o x B
fte Goampis Commirer Commnt Acscn Prom Lemnas Opsen et
DPHIAA/ /X LOCORA T KSALSTAD F
T ] : 5
+1. F6 L DE (r24) @ e Dt Ve
5 AN £\
midp(G,DE)  (by HYP) 5 4 o || ——
2. FD = FE A B
+2. FD = FE & N R TR
3. CF = OF 2 o=F 5 | "
34,cr-r,r e ? A ]/““
*3. CF = DF (r36) )
midp(F,CB)  (by HYP) - o, || || 4
DC L DB (by HYP) i T
t4. CF = EF (x36) : . L F
midp(F,CB)  (by HYP) 5 . ¢
EC L EB (by HYP} r & CAN . oy
gl /
P 1) e W] | o] =3 = e
T™n [ F DA M Fm i g
4 seue o
AdgJGEXTask.pro
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GeoGebra
Cinderella
Cabri

Sketchometry
Z.u.L

ADG 2023, Belgrade

Zlatan Magajna

OKG and DG tools

Hypotheses

Dinamic
onstruction

(0] ¢
Geometry

GDD
proofs

Zlatan Magajna

GeoGebra
GLCL

JGEX

JGEX

(GDD proof)
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